Central European grasslands are characterized by a wide range of different management practices in close geographical proximity. Site-specific management strategies strongly affect the biosphere-atmosphere exchange of the three greenhouse gases (GHG) carbon dioxide (CO 2 ), nitrous oxide (N 2 O), and methane (CH 4 However, after site-specific data normalization, we identified environmental conditions that indicated enhanced GHG source/sink activity ("sweet spots") and gave a good prediction of normalized overall fluxes across sites. The application of animal slurry to grasslands increased N 2 O and CH 4 emissions. The N 2 O-N emission factor across sites was 1.8 AE 0.5%, but varied considerably at site level among the years (0.1%-8.6%). Although grassland management led to increased N 2 O and CH 4 emissions, the CO 2 sink strength was generally the most dominant component of the annual GHG budget.
tion of environmental impacts at site level is challenging, because most in situ measurements focus on the quantification of CO 2 exchange, while long-term N 2 O and CH 4 flux measurements at ecosystem scale remain scarce. Here, we synthesized ecosystem CO 2 , N 2 O, and CH 4 fluxes from 14 managed grassland sites, quantified by eddy covariance or chamber techniques. We found that grasslands were on average a CO 2 sink (À1,783 to À91 g CO 2 m À2 year À1 ), but a N 2 O source (18-638 g CO 2 -eq. m À2 year À1 ), and either a CH 4 sink or source (À9 to 488 g CO 2 -eq. m À2 year À1 ). The net GHG balance (NGB) of nine sites where measurements of all three GHGs were available was found between À2,761 and À58 g CO 2 -eq. m À2 year À1 , with N 2 O and CH 4 emissions offsetting concurrent CO 2 uptake by on average 21 AE 6% across sites. The only positive NGB was found for one site during a restoration year with ploughing. The predictive power of soil parameters for N 2 O and CH 4 fluxes was generally low and varied considerably within years.
However, after site-specific data normalization, we identified environmental conditions that indicated enhanced GHG source/sink activity ("sweet spots") and gave a good prediction of normalized overall fluxes across sites. The application of animal slurry to grasslands increased N 2 O and CH 4 emissions. The N 2 O-N emission factor across sites was 1.8 AE 0.5%, but varied considerably at site level among the years (0.1%-8.6%). Although grassland management led to increased N 2 O and CH 4 emissions, the CO 2 sink strength was generally the most dominant component of the annual GHG budget.
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| INTRODUCTION
Central European grasslands are characterized by a wide range of different management practices, ranging from intensively managed lowland pastures and meadows to rather extensively managed highalpine grasslands Gilmanov et al., 2007; Wohlfahrt, Anderson-Dunn, et al., 2008) . Farming systems operate within their socioeconomic and environmental boundaries, leading to management decisions that define type, frequency, timing, and intensity of management events (Huber et al., 2013 (Huber et al., , 2014 .
Grassland management-such as the amount and type of fertilizer applied, the frequency of cutting, or the duration of grazingstrongly impacts the exchange of greenhouse gases (GHG), water, and energy between the grassland ecosystem and the atmosphere and subsequently affects the biogeochemical cycling of carbon (C) and nitrogen (N) (Schulze et al., 2009) . Annual GHG budgets of grasslands, consisting of the three GHGs carbon dioxide (CO 2 ), nitrous oxide (N 2 O), and methane (CH 4 ), are thus influenced directly by management (Gelfand et al., 2011; Lal, 2010) . The atmospheric concentrations of all three trace gases are still increasing at present, with anthropogenic activities being the major driver (IPCC, 2013) .
Both N 2 O and CH 4 have high-warming potentials, 298 (N 2 O) and 34
(CH 4 ) times that of a corresponding mass of CO 2 emitted on a 100-year time horizon (IPCC, 2013) . Agricultural grassland management activities are closely connected to emissions of both non-CO 2 gases and to the uptake or emission of CO 2 (Tubiello et al., 2015) . Emissions of N 2 O and CH 4 can contribute to an increase in the net GHG balance (NGB) of a grassland, offsetting concurrent CO 2 sequestration in terms of CO 2 equivalents (Liu & Greaver, 2009; Schulze et al., 2009 ). This offset can be large and can even result in shifting a grassland from being a net GHG sink to a net source. The CO 2 sink strength as well as the N 2 O and CH 4 source strengths of grasslands have been found to vary significantly across years and sites (Gilmanov et al., 2010; Soussana et al., 2007) .
N 2 O is produced by microbial activities in soils, mainly via nitrification and denitrification processes. N 2 O can also be consumed by microbial processes such as denitrification, so that the net flux of N 2 O observed at the soil surface is the result of simultaneously occurring production and consumption processes (Butterbach-Bahl, Baggs, Dannenmann, Kiese, & Zechmeister-Boltenstern, 2013) . The production of soil N 2 O is controlled by various factors, such as soil water content (SWC), temperature, pH, and the amount of available labile C and N (Barnard, Leadley, & Hungate, 2005; Holtan-Hartwig, D€ orsch, & Bakken, 2002; Xu-Ri & Prentice, 2008) . N 2 O production in soils is fueled by high N availability, which is mainly caused by the application of organic (solid manures or liquid slurries) and synthetic fertilizers to soils but also due to the cultivation of legumes (Davidson, 2009; Fowler et al., 2009; L€ uscher, Mueller-Harvey, Soussana, Rees, & Peyraud, 2014) . For grasslands and meadows, additional N input might originate from livestock excreta (urine and feces) (Galloway et al., 2003; Paustian et al., 2016; Saggar et al., 2013) . Application of organic and inorganic fertilizers have been shown to result in soil N 2 O emission peaks, the magnitude of which depends on form, amount, and timing of applied N as well as the presence or absence of organic matter (Laville, Lehuger, Loubet, Chaumartin, & Cellier, 2011) . Due to the high spatial and temporal variability in N 2 O production, estimating national and subnational emissions remains difficult and is associated with major uncertainties (Reay et al., 2012) . The importance of soils as sinks for atmospheric N 2 O seems to be small and not to exceed 2% of current estimated sources (Schlesinger, 2013) , and it is rather unlikely that fertilized agricultural soils act as N 2 O sinks (Syakila & Kroeze, 2011) .
CH 4 is mainly produced by single-celled archaea (methanogens) that are found in anaerobic microsites in the soil, water-saturated zones with high C content, and the rumen of ruminants (Baldocchi et al., 2012; Hiller et al., 2014) . Methanogenesis is the end point of the anaerobic breakdown of organic matter (Whalen, 2005) . In Europe, the vast majority of agricultural CH 4 emissions originates from enteric fermentation (77%), but a considerable amount is also released as a consequence of manure decomposition processes (9%) during manure management (FAOSTAT, 2017) . High CH 4 emissions were correspondingly reported from regions with intensive agriculture and animal husbandry (Barnosky, 2008; Frankenberg et al., 2011; Schulze et al., 2009 ). The major global sinks for CH 4 are biological oxidation by aerobic and anaerobic methanotrophs at CH 4 production sites and photochemical oxidation by hydroxyl radicals in the atmosphere (Tate, 2015) . Aerobic soils constitute an additional CH 4 sink, with atmospheric CH 4 diffusing into the soil and being oxidized by methanotrophic bacteria (Dunfield, 2007; Dutaur & Verchot, 2007; Unteregelsbacher et al., 2013) . In these well-aerated soils, observed net CH 4 uptake is also the consequence of CH 4 consumption (methanotrophy) being larger than the CH 4 production (methanogenesis) in the soil (Conrad, 2009) . Oxidation rates are influenced by abiotic factors such as soil moisture and soil temperature (TS), with changes in soil moisture accounting for most of the observed variability (Price, Kelliher, Sherlock, Tate, & Condron, 2004; Tate, 2015) .
In Europe, 21% of the terrestrial surface is currently dedicated to agriculture (FAOSTAT, 2017) . Most agricultural land is used for arable crops (59%), followed by permanent meadows and pastures (38%) and permanent crops, for example, vines and olive trees (3%). In 2014, European agriculture contributed 11% to global total GHG emissions from agriculture (FAOSTAT, 2017 (FAOSTAT, 2017) .
The net ecosystem exchange of CO 2 is the most important constituent of the grassland C cycle. The role of the CO 2 flux for the GHG budget can become even more pronounced in grasslands, as such ecosystems are often limited by soil N availability, and N addition during fertilization increases the CO 2 sink more than the N 2 O and CH 4
sources (Gomez-Casanovas, Hudiburg, Bernacchi, Parton, & DeLucia, 2016) . Although the CO 2 flux in response to abiotic, biotic, and management drivers was studied previously (e.g., Peichl et al., 2013; Wohlfahrt, Anderson-Dunn, et al., 2008) , direct measurements (of 1 year or longer) of N 2 O and CH 4 grassland fluxes in combination with CO 2 fluxes are still rare (H€ ortnagl & Wohlfahrt, 2014; Kroon, SchrierUijl, Hensen, Veenendaal, & Jonker, 2010; Merbold et al., 2014 (Luyssaert et al., 2014) .
In this study, we examined the GHG emission intensity of meadows and pastures. To this end, we analyzed available GHG measurements of 14 differently managed grassland sites in Central Europe across different environmental settings. Our specific objectives were
(1) to provide an overview of currently available in situ GHG measurements over managed grasslands, (2) to test the applicability of TS and water-filled pore space (WFPS), two key parameters for soil biogeochemistry and widely available in combination with flux measurements, for the prediction of N 2 O and CH 4 fluxes across grassland sites, (3) to quantify the impact of fertilizer application on observed N 2 O and CH 4 emissions, and (4) to provide NGB and N 2 O-N emission factors (EFs) for all sites by gap-filling (GF) direct measurements at ecosystem scale.
| MATERIALS AND METHODS
This synthesis paper investigated CO 2 , N 2 O and CH 4 fluxes from 10
Central European grasslands along an elevation gradient (Table 1) .
Of the 10 grasslands, four (FR-LAQ, CH-FRU, DE-FEN, CH-CHA) were divided into two separate areas with different management, leading to 14 grassland sites in total.
| Research sites and management
The research sites span an altitudinal gradient from 393 to 1,978 m a.s.l in Central Europe, with mean annual temperatures (MAT) ranging between À1.4 and 9.1°C and mean annual precipitation ranging between 852 and 1,682 mm ( 
| Flux measurements
The net ecosystem exchange of the three major GHGs (CO 2 , N 2 O, and CH 4 ) was calculated using the eddy covariance (EC, Baldocchi, Hincks, & Meyers, 1988) or chamber techniques, whereby for the latter, either automatic (AC) or manual chambers (MC) were used (Table 1) . Data availability and temporal resolution of measurements of the three targeted GHGs varied considerably across all sites. N 2 O fluxes were available from all 14 sites, while CO 2 fluxes were available from 10 and CH 4 fluxes from 13 sites (Figure 1 ). Measurement campaigns at the sites lasted between 6 months (AT-STU-P) and more than 5 years (FR-LAQ-I, FR-LAQ-E) (Table S2) .
Measurements covering all three GHGs over at least one full year were available from eight sites, with results from two sites Potential remaining data gaps at the beginning and end of specific ), similar to flux rates observed during ungrazed time periods at another site in an earlier study (Dumortier et al., 2017) .
| Ancillary data
Measurements of ancillary data included ambient air temperature (TA in°C), soil temperature (TS in°C), soil water content (SWC in vol. %), and precipitation (mm) ( Table 1) . Measured soil parameters were bulk density (BD) and pH. SWC was converted to WFPS by first calculating the total porosity (TP) of the soil in percent for each site as
where BD is the bulk density for each site and PD is the particle density assumed as 2.65 g/cm 3 . In a second step, TP (%) was used to calculate WFPS (%) following 
where SWC is the soil water content (vol. %) as measured at each site.
| Normalization
In order to identify environmental conditions conducive to enhanced 3 | RESULTS
| Data analysis

| Greenhouse gas measurements
The CO 2 flux was available from nine sites and showed highest net CO 2 uptake during spring and summer, refleting time periods of high F I G U R E 1 Time periods, measurement techniques, and number of available days with measurements of CO 2 , N 2 O, and CH 4 fluxes. The order of sites from top to bottom follows the elevational gradient, with the highest site listed first. Numbers in brackets refer to the number of chamber replicates. See Table 1 for site name abbreviations. AC, automatic chambers; EC, eddy covariance; MC, manual chambers plant productivity (Figure 2a ). During these warmer seasons, measured median fluxes ranged between À1.02 (AT-NEU in spring) and In order to test if the predictive power of TS and WFPS for flux percentiles across all sites also succeeds at the site level, MLR and SLR analyses were performed on measured, log-transformed DA N 2 O and CH 4 fluxes for each site. Data included in these analyses
were not gap-filled, measured during snow-free conditions and not directly disturbed by cutting and fertilization management events, that is, data from the 3 days directly after a management event were excluded from these analyses ( (Table 3) .
Therefore, in a next step, we analyzed their predictive power for , when data from at least two sites were available for a specific combined class. Additional information on percentile distributions at each site is given in Table 2 . See Table 1 for site name abbreviations CHA). Slurry application resulted in clear N 2 O emission peaks at all three sites either on the day of application or during the following 7 days (Figure 8 ). In comparison to the 7 days preceding the application, N 2 O emissions across all sites were on average 10 times higher on the day of fertilization, 5 times higher 1 day after fertilization, and 2 times higher over the following 6 days. N 2 O fluxes stayed elevated for a few days after the event, reaching pre-fertilization flux rates again on day 3-7 after fertilizer application. Average N 2 O emission rates during ).
| GHG budgets
In situ measurements over multiple years in combination with subsequent GF allowed for the calculation of site-specific annual GHG T A B L E 2 Percentile distribution of measured, non-gap-filled N 2 O (F N2O ) and CH 4 (F CH4 ) fluxes, soil temperature (TS), and water-filled pore space (WFPS) for data shown in Figures 3-5 for each site. P zf corresponds to the zero-flux percentile, that is, the percentile rank where the flux was found to be zero; P 25 and P 75 refer to the 25th and 75th percentile, that is, values in-between give the interquartile range; P 50 corresponds to the 50th percentile (median) (Table 4) .
Historically, considerably more measurements are available for grassland CO 2 fluxes, while data for N 2 O and CH 4 remain still relatively sparse. Therefore, we set site-specific budgets presented in this study in relation to previous studies that investigated N 2 O and CH 4 exchange over grasslands (Table 5) . Of 46 sites with N 2 O measurements (including sites in this study), 43 sites were on average N 2 O sources, albeit over sometimes vastly different measurement campaign lengths (Table 5 ). In the literature, we found N 2 O fluxes from 13 European grasslands where measurements covered at least one full year and management was similar to sites investigated in F I G U R E 5 Linear regression analysis of average percentile fluxes across sites in classes of (a) soil temperature and (b) water-filled pore space, based on the respective hexbin classes shown in Figure 3b for N 2 O fluxes and Figure 4b for CH 4 fluxes. The shaded area refers to the standard deviation of average percentile fluxes in the respective soil temperature or water-filled pore space class. Percentile distributions for each site along with percentile ranges across all sites in this analysis are given in Table 2 H € ORTNAGL ET AL.
| 1855 this study (grasslands with ID 23, 24, 32, 34, (38) (39) (40) 44, 45, (49) (50) (51) (52) in (Table 5 ).
The availability of gap-filled N 2 O measurements for all 10 fertilized sites in combination with detailed information about the amount of fertilizer applied to the grassland enabled the calculation of yearly N 2 O-N EFs (Table 6) (Table 6 ).
| DISCUSSION
Soil environmental conditions can influence N 2 O and CH 4 fluxes by providing ideal conditions for GHG producing or consuming microbial communities (Barnard et al., 2005; Dijkstra, Morgan, Follett, & LeCain, 2013; Holtan-Hartwig et al., 2002; Li et al., 1992) . Therefore, we expected clear relationships between soil conditions and magnitude of fluxes across timescales. However, regression analyses for site-level flux observations revealed low or inconsistent explanatory power of TS and WFPS (Table 3 , Figures 6 and 7) . The role of the two variables as flux drivers became more apparent after identification of site-specific GHG sweet spots (Figures 3 and 4) . Low N 2 O emissions at CH-CHA during wet conditions could be the consequence of increased N 2 O reduction to N 2 during denitrification compared to production (Figure 3a) . When the SWC is high, the available time for the reduction in N 2 O to N 2 during the last step of denitrification is increased, reducing N 2 O release to the atmosphere (Clough, Sherlock, & Rolston, 2005; Wu et al., 2013) fluxes and WFPS is supported by previous studies (Hofmann, Farbmacher, & Illmer, 2016; Le Mer & Roger, 2001; Wang, Zhang, Huang, Li, & Zhang, 2015) .
Site-specific properties of managed grasslands have the potential to change over relatively short timescales, depending on the frequency and intensity of management events along with environmental conditions. For example, trampling by grazing animals or use of heavy machinery can increase soil compaction and negatively impact soil structure (Ball, 2013 ). This in turn can affect soil conditions crucial to the production or consumption of GHGs in the soil, such as WFPS. Furthermore, the input of external fertilizer affects nutrient availability in the soil to varying extends and can also impact soil pH, depending on fertilizer type and amount as well as the timing of its application (Saggar et al., 2013) . Thus, GHG emissions/deposition sweet spots are not only different among sites (Figures 3 and 4 | 1857 communities in response thereof (Jones et al., 2014) . The detection of sweet spots is therefore of high interest for developing site-specific GHG mitigation strategies, which need to be adapted over the course of a year. For example, the knowledge about sweet spots could assist in scheduling site-specific fertilization dates in such a way that fertilizer is only applied during time periods with low GHG emission impact, that is, when the normalized flux in specific combined classes of the two potential drivers TS and WFPS is known to be low (Figures 3 and 4) . In addition, significant relationships between normalized fluxes and potential drivers across sites indicated that site-specific data normalization prior to analyses could facilitate the detection of correlations ( Figure 5 ) and thus improve methods for calculating GHG budgets on a continental scale.
The application of slurry coincided with elevated N 2 O emissions (Figure 8 ), which is in accordance with findings in earlier studies Neftel et al., 2010) . Increased N 2 O emissions were expected, as N input via fertilization constitutes the most concentrated input of anthropogenic N, with high soil N availability fueling N 2 O production by nitrifying/denitrifying bacterial communities (Davidson, 2009; Firestone & Davidson, 1989) . Table 6 ).
Emission peaks after slurry application were also observed for CH 4 and supported earlier findings (e.g., Mori & Hojito, 2015) . How- opposed to being produced in the soil (Chadwick, Pain, & Brookman, 2000) . In contrast, elevated CH 4 emissions at CH-CHA after fertilization suggested that small amounts of CH 4 were produced in the soil, possibly from organic matter supplied in the slurry, that is, through the microbial degradation of volatile fatty acids (Sherlock et al., 2002) . Furthermore, CH 4 oxidation by soil microorganisms was pos- At all sites presented in this manuscript, the CO 2 flux was the predominant component of the annual GHG budget (Table 4 ). Our observation that N 2 O and CH 4 emissions in terms of CO 2 equivalents offset 21 AE 6% of concurrent CO 2 uptake is similar to the
) from a multiple linear regression analysis of measured, non-gap-filled, log-transformed N 2 O daily average fluxes in dependence of soil temperature and water-filled pore space, performed in a moving time window of 35 days. Results were calculated if a minimum of 13 days of data were available within a specific time window. Blue markers denote days with snow cover, vertical lines show management events (dotted: cutting, dashed: fertilization), gray horizontal bars show the regression time window for the respective r 2 . Red dots mark time periods where the regression was significant at p < .05. See Table 1 for site name abbreviations 18% reported for European grasslands (Schulze et al., 2009 ). Even at the heavily grazed site FR-LAQ-I, which was characterized by high ruminant CH 4 emissions by grazing animals in the EC flux footprint, the grassland was a clear GHG sink (Table 4) , supporting earlier observations (Chang et al., 2015) . Still, high CH 4 emissions at FR-LAQ-I highlighted the need to consider grazing cattle during the evaluation of grassland GHG budgets (e.g., Martin, Morgavi, & Doreau, 2010) .
We found that year-round GHG measurements are necessary for unbiased GHG budget calculations, mainly due to relevant N 2 O and CH 4 flux contributions during spring and winter (Figure 2 ). Spring N 2 O emissions were most likely dominated either by freeze-thaw emission bursts or high soil moisture conditions after snow melt (Risk et al., 2013) , winter N 2 O production can still occur at low temperatures in frozen soil (Teepe, Brumme, & Beese, 2001; Wertz et al., 2013; Zhu, Sun, & Ding, 2005) . For CH 4 , we assume that seasonal fluxes were mainly driven by the presence or absence of anaerobic CH 4 -producing microsites in the soil, the application of slurry as fertilizer as well as temperature (Chadwick et al., 2000; Treat et al., 2014) . The role of snow accumulation during winter on observed CH 4 emissions needs further investigation (Blanc-Betes, Welker, Sturchio, Chanton, & Gonzalez-Meler, 2016) .
Direct long-term measurements at site level are of highest importance to quantify the annual GHG exchange. With N 2 O and CH 4 flux GF being a source of uncertainty, continuous GHG measurements at high-temporal resolution are crucial for reliable GHG budget estimates (Barton et al., 2015; Mishurov & Kiely, 2011) . In this study, the availability of high-resolution data from AC and EC measurements facilitated the application of advanced statistical methods, for example, the quantification of fertilization impacts on GHG fluxes (Figures 8 and 9) . For future studies, we recommend simultaneous chamber and EC measurements in the same flux footprint to investigate potential biases of the different methods (Eugster & Merbold, 2015) . Reducing the uncertainty in quantifying N 2 O and CH 4 budgets at the site level is ideally done using a multistep approach and comprises (1) spatial snapshot measurements of small areas for the identification of emission hot spots in order to understand footprint source/sink heterogeneity, (2) capturing F I G U R E 7 Explained variance (r 2 ) from a multiple linear regression analysis of measured, non-gap-filled, log-transformed CH 4 daily average fluxes in dependence of soil temperature and water-filled pore space, performed in a moving time window of 35 days. Results were calculated if a minimum of 13 days of data were available within a specific time window. Blue markers denote days with snow cover, vertical lines show management events (dotted: cutting, dashed: fertilization), gray horizontal bars show the regression time window for the respective r 2 . Red dots mark time periods where the regression was significant at p < .05. Note that no CH 4 measurements were available for FR-LAQ-E and that cattle were present in the flux footprint for CH 4 measurements at FR-LAQ-I. See Table 1 for site name abbreviations temporal high fluxes, and (3) identifying environmental conditions that indicate enhanced GHG source/sink activity, that is, sweet spots. While (1) is best achieved via chamber measurements using multiple plots (Cowan et al., 2015; Skiba et al., 2009), (2) and (3) are best investigated via long-term automatic chamber or eddy covariance measurements at high-temporal resolution, thus covering a wide range of environmental conditions while considering spatial information from (1) during data interpretation. For grazed sites, knowledge of animal movements and distribution of manure pats in the flux footprint have to be considered for in depth analyses of GHG source/sink behavior (Felber et al., 2015) . This is of special importance for the EC method, by which small-scale emission and deposition hot spots are integrated spatially (Baldocchi et al., 2012 ). In addition, future research should also focus on the development and improvement of meaningful land use indices that consider specific management strategies at the site-level and aggregate available site information into objective categories. While we are aware of existing indices for land use intensity (e.g., Bl€ uthgen et al., 2012), we refrained from applying them due to various simplifications that lead to indices lacking representativity for sites included in this study. The availability of representative, objective land use indices would allow accurate classifications of managed grasslands into meaningful categories and thus improved statistical analyses of in situ data across sites. Generally, it is challenging to attribute annual budgets to specific management strategies. The main reason for this is the finding that site-specific GHG fluxes vary considerably between years despite similar management (Table 4 ). This observation mandates the inclusion of extended F I G U R E 8 Measured, non-gap-filled N 2 O fluxes at three sites during each fertilizer application of liquid slurry. Left panel: daily average fluxes for seven prefertilization days (À7 to À1), the day of application (0), and seven postfertilization days (1-7), expressed in lg m À2 hr À1 .
Right panel: absolute ratio of measured fluxes to the 7-day prefertilization average for each management event. See Table 1 for site name abbreviations datasets in GHG analyses that comprise comprehensive soil and management information but also the application of advanced statistical methods (e.g., Dengel et al., 2013) .
Central European grassland sites in this study were characterized by site-specific management strategies that reflected the wide range of site characteristics and exemplified the complexity of managed grassland ecosystems in geographical proximity. The CO 2 sink strength as the predominant component of the annual GHG budget highlighted the need to conduct CO 2 flux measurements at the site level. However, the impact of N 2 O and CH 4 on the annual NGB of the grassland is substantial at many sites. Therefore, due to the absence of robust relationships between N 2 O and CH 4 fluxes and environmental drivers, long-term in situ measurements are crucial in reliably assessing the full annual NGB of specific grasslands. This is especially important during extreme management events such as grassland restoration that includes ploughing, which have the potential to change an otherwise strong annual GHG sink to a source.
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